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[57] ABSTRACT 

A head-up display system of an automotive vehicle, com 
prising outboard-side and inboard-side glass plates consti 
tuting a front Windshield glass. An intermediate ?lm is 
disposed between the outboard-side and inboard-side glass 
plates to bond the glass plates. A polarization-direction 
changing layer is secured to the inboard surface of the 
outboard-side glass plate. ABreWster’s angle regulating ?lm 
is secured to the inboard surface of the inboard-side glass 
plate. The BreWster’s angle regulating ?lm has a refractive 
index different from that of the glass plates. A displaying 
device is provided to generate a display light of information. 
Additionally, a light-polarizing device is provided to polar 
iZe the display light into S-Wave. The display light having 
S-Wave is incident at about BreWster’s angle of the BreW 
ster’s angle regulating ?lm to the front Windshield glass so 
as to pass through the polarization-direction changing layer 
and to be re?ected at the outboard surface of the outboard 
side glass plate toWard the side of the displaying device. 

16 Claims, 3 Drawing Sheets 
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OPTICAL DISPLAY SYSTEM HAVING A 
BREWSTER’S ANGLE REGULATING FILM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to improvements in a display sys 

tem for optically projecting a display light of information to 
be observed by a person, and more particularly to the display 
system such as a head-up display system Which is 
con?gured, for example, such that a driver of an automotive 
vehicle can observe an image of driving information pro 
jected as the display light on a Windshield glass While 
looking a frontal vieW through the Windshield glass in such 
a manner that the driving information is superimposed on 
the frontal vieW. 

2. Description of the Prior Art 
A variety of head-up display systems of an automotive 

vehicle have been hitherto proposed and put into practical 
use. A typical head-up display system is constituted by 
directly applying a ?lm functioning as a half mirror on a 
Windshield glass, or by interposing the half mirror betWeen 
tWo glass plates. HoWever, With this head-up display system, 
re?ection of light of an image is unavoidably made on the 
front-side or rear-side surface of the glass plate thereby 
forming a double image Which is dif?cult to be observed by 
a driver. In vieW of this, another types of the head-up display 
system have been proposed, in Which light of the image is 
re?ected from the surface of the glass plate Without using the 
half mirror in order to avoid formation of the double image. 
One of these is con?gured by applying a so-called M2 ?lm 
(for changing a direction of polariZation of light) on a 
transparent plate such as a glass plate, as disclosed in 
Japanese Patent Provisional Publication No. 2-141720. 
Another one is con?gured by bonding a transparent ?lm 
having birefringence on a transparent plate, as disclosed in 
Japanese Patent Provisional Publication No. 2-294615. A 
further one is con?gured by bonding a polariZation-direction 
changing layer formed of a crystalline high polymer on a 
transparent plate, as disclosed in Japanese Patent Provisional 
Publication No. 6-40271. Additionally, some of the inven 
tors of this application have proposed a display system 
including a combination of a polariZation-direction chang 
ing ?lm, a light-transmittable re?ection ?lm and an antire 
?ection ?lm, as disclosed in a U.S. patent application Ser. 
No. 08/621379 entitled “Glass Arrangement”. 

HoWever, the display systems as disclosed in the above 
publications and application require to cause the light of 
image to be incident on the transparent plate at BreWster’s 
angle of the transparent plate. Accordingly, the angle of 
incidence of light is ?Xed at 5 6.6° in case that the transparent 
plate is a glass plate. As a result, location of a displaying 
device for generating the light of image is limited Within a 
certain region. This is considerably problematic particularly 
in case that the display system forms part of an automotive 
vehicle Which does not have a suf?cient space Within the 
above-mentioned certain region. In vieW of this, an addi 
tional optical device such as a mirror may be required as 
disclosed in Japanese Patent Provisional Publication No. 
2-141720, complicating the display system in construction 
and in assembly process. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved display system Which is simple in construction 
and assembly process and can effectively overcome draW 
backs encountered in conventional display systems such as 
a head-up display system. 

10 

15 

25 

35 

45 

55 

65 

2 
Another object of the present invention is to provide an 

improved display system Which alloWs a light of image 
(display light) to be incident onto a transparent plate (glass 
plate) at an angle different from BreWster’s angle (56.6°) of 
the transparent plate (glass plate), thereby increasing free 
dom of location for a displaying device While preventing 
formation of double image of the light of image. 
A further object of the present invention is to provide an 

improved display system in Which the angle of incidence of 
light of image (display light) to a transparent plate can be 
regulated or changed under the action of a BreWster’s angle 
regulating ?lm secured to a surface of the transparent plate. 
An aspect of the present invention resides in a display 

system comprising at least one transparent plate. A BreW 
ster’s angle regulating ?lm is secured to a surface of the 
transparent plate, the BreWster’s angle regulating ?lm hav 
ing a refractive indeX different from that of the transparent 
plate. A displaying device is provided to generate a display 
light of information. A light-polariZing device is provided to 
polariZe the display light. The polariZed display light is 
incident at an angle around about BreWster’s angle of the 
BreWster’s angle regulating ?lm to the transparent plate and 
re?ected toWard a side of the displaying device. 

Another aspect of the present invention resides in a 
display system comprising at least one transparent plate. A 
polariZation-direction changing layer is secured to a ?rst 
surface of the transparent plate. A BreWster’s angle regulat 
ing ?lm is secured to a second surface of the transparent 
plate. The BreWster’s angle regulating ?lm has a refractive 
indeX different from that of the transparent plate. A display 
ing device is provided to generate a display light of infor 
mation. Additionally, a light-polarizing device is provided to 
polariZe the display light into P-Wave (Whose vibration 
direction is parallel With the plane of incidence of the light). 
The display light having P-Wave is incident at an angle 
around BreWster’s angle of the BreWster’s angle regulating 
?lm to the transparent plate to pass through the polariZation 
direction changing layer and to be re?ected toWard a side of 
the displaying device. 
A further aspect of the present invention resides in a 

display system comprising at least one transparent plate. A 
polariZation-direction changing layer is secured to a ?rst 
surface of the transparent plate. A BreWster’s angle regulat 
ing ?lm is secured to a second surface of the transparent 
plate, the BreWster’s angle regulating ?lm having a refrac 
tive indeX different from that of the transparent plate. A 
displaying device is provided to generate a display light of 
information. Additionally, a light-polariZing device is pro 
vided to polariZe the display light into S-Wave (Whose 
vibration-direction is perpendicular to that of P-Wave and to 
the plane of incidence of the light). The display light having 
S-Wave is incident at an angle around BreWster’s angle of 
the BreWster’s angle regulating ?lm to the transparent plate 
to pass through the polariZation-direction changing layer and 
to be re?ected toWard a side of the displaying device. 
A still further object of the present invention resides in a 

display system comprising at least one transparent plate. A 
BreWster’s angle regulating ?lm is formed at a ?rst surface 
of the transparent plate. The BreWster’s angle regulating ?lm 
has a refractive indeX different from that of the transparent 
plate. A displaying device is provided to generate a display 
light of information. A light-polariZing device is provided to 
polariZe the display light into P-Wave. The display light 
having P-Wave is incident at an angle around BreWster’s 
angle of the BreWster’s angle regulating ?lm to the trans 
parent plate to be re?ected toWard a side of the displaying 
device. 
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With the above aspects, the angle of incidence of the 
display light can be changed regardless of conventional 
BreWster’s angle of glass plate by virtue of the refractive 
index of a BreWster’s angle regulating ?lm, thereby increas 
ing the freedom of location for the displaying device While 
effectively preventing formation of double image of the 
display light. Additionally, no mirror is necessary for the 
display system, and therefore the display system is simple in 
construction and facilitated in assembly process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings, like reference numerals designate like 
parts and elements throughout all ?gures, in Which: 

FIG. 1 is a fragmentary schematic sectional vieW of a ?rst 
embodiment of a display system according to the present 
invention; 

FIG. 2 is a fragmentary schematic sectional vieW of a 
second embodiment of the display system according to the 
present invention; and 

FIG. 3 is a fragmentary schematic sectional vieW of a 
third embodiment of the display system according to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring noW to FIG. 1 of the draWings, a ?rst embodi 
ment of a display system according to the present invention 
is illustrated by the reference character S. The display 
system S of this embodiment is a head-up display system 
and constituted by incorporating a polariZation-direction 
changing ?lm or layer 2. The polariZation-direction chang 
ing layer 2 is adapted to change the direction of polariZation 
of light to be incident thereon, i.e., to rotate a plane of 
polariZation of light to be incident thereon. The polariZation 
direction changing layer 2 in this embodiment is formed of 
a liquid crystal high polymer Which is in tWisted nematic 
orientation under a liquid crystal condition and is in a glassy 
state at a temperature loWer than liquid crystal transition 
point thereof. 

The polariZation-direction changing layer 2 is formed as 
folloWs: The liquid crystal high polymer is coated on a 
transparent substrate (substrate ?lm) such as a plastic ?lm 
formed of, for example, polyethylene terephthalate (PET). 
Then a shearing force is applied to the liquid crystal high 
polymer, and thereafter the liquid crystal high polymer is 
subjected to heat-treatment and then cooling so that a liquid 
crystal orientation is ?xed. Thus, the polariZation-direction 
changing layer 2 is formed on the surface of the substrate 
?lm. Examples of such a liquid crystal high polymer are a 
main-chain type polymer such as optically active polyester, 
polyamide, polycarbonate, and polyesterimide, and a side 
chain type polymer such as optically active polyacrylate, 
polymethacrylate, and polymalonate. 

The polariZation-direction changing layer 2 having a 
thickness of 5 pm is formed on the substrate ?lm made of 
polyethylene terephthalate or the like, in the manner men 
tioned above. The thus formed polariZation-direction chang 
ing layer 2 bonded to the inboard surface of an outboard-side 
glass plate (transparent plate) 1A forming part of the front 
Windshield glass W, With a tape-like adhesive (not shoWn), 
after the substrate ?lm is removed. 

ABreWster’s angle regulating ?lm or layer 3 is formed at 
the inboard surface of an inboard-side glass plate 
(transparent plate) 1B forming part of the front Windshield 
glass W, under usual sputtering. The BreWster’s angle regu 
lating ?lm 3 is formed of TiO2. 
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4 
Thereafter, the inboard-side glass plate 1B is temporarily 

bonded at its outboard surface to the inboard surface of the 
outboard-side glass plate 1A With an intermediate ?lm or 
layer 4 (made of polyvinyl butyral or the like), so that the 
polariZation-direction changing layer 2 is located betWeen 
the outboard-side glass plate 1A and the inboard-side glass 
plate 1B in such a manner that the polariZation-direction 
changing layer 2 is separate from the outboard-side surface 
of the inboard-side glass plate 1B, as clearly shoWn in FIG. 
1. The inboard-side glass plate 1B de?nes therein side a 
passenger compartment in Which a driver and/or a vehicle 
passenger reside. It Will be understood that a layer of the 
intermediate ?lm 4 lies betWeen the polariZation-direction 
changing layer 2 and the inboard-side glass plate 1B. Such 
a temporarily bonded structure is then subjected to a usual 
autoclave treatment, thereby obtaining a laminated glass 5 
used for the automotive vehicle front Windshield glass W. 

The above-discussed laminated glass 5 is used as the 
automotive vehicle Windshield glass W and forms part of the 
headup display system S. The head-up display system S 
includes a displaying device 6 such as a CRT, a ?uorescent 
display tube, a liquid crystal display or the like. The dis 
playing device 6 generates a display light such as driving 
information or the like. The display light includes S-Wave 
and P-Wave and is incident to a light-polariZing device 7 for 
polariZing the light into P-Wave, so that the display light 
from the displaying device 6 is polariZed to transmit the 
P-Wave. The displaying device 6 and the light-polariZing 
device 7 are arranged such that the display light of the 
P-Wave is incident on the laminated glass 5 at BreWster’s 
angle (6=63°) of the BreWster’s angle regulating ?lm 3. It 
Will be understood that, in case of using the liquid crystal 
display as the displaying device 6, the light-polarizing plate 
of the liquid crystal display may be set to be directed to 
generate P-Wave, in Which the displaying device 7 also 
serves as the light-polariZing device so that the light 
polariZing device is unnecessary to be separately used. 

This P-Wave is incident on the inboard-side glass plate 
1B, in Which no re?ection is made at the inboard surface (the 
interface betWeen air and the glass plate) of the glass plate 
1B because the P-Wave is incident at BreWster’s angle of the 
regulating ?lm 3 to the inboard-side glass plate 1B. As a 
result, the Whole amount of light from the light-polariZing 
device 7 enters the laminated glass 5. The thus entering light 
reaches the polariZation-direction changing layer 2, in Which 
the P-Wave is rotated into S-Wave. This S-Wave then reaches 
the inboard surface of the outboard-side plate glass 1A. 
Here, a part of the S-Wave outgoes through this surface, 
While about 20% of the S-Wave is re?ected at this surface in 
accordance With the re?ectivity (20.7%) of the outboard 
side plate glass 1A and again enters the polariZation 
direction changing layer 2 to be rotated into P-Wave. This 
P-Wave outgoes through the BreWster’s regulating ?lm 3 and 
reaches to the eyes 8 of the driver and the like, in Which the 
outgoing angle of the light (P-Wave) is BreWster’s angle 
(6‘=63°) of the BreWster’s angle regulating ?lm 3 and 
therefore the Whole amount of the light can be observed by 
eyes 8 of the driver or the like causing no re?ection of the 
light at the interface betWeen the air and the BreWster’s 
angle regulating ?lm 3. 

Additionally, the intermediate layer 4 betWeen the 
outboard-side and inboard-side glass plates 1A, 1B has an 
refractive index of 1.52, and the polariZation-direction 
changing layer 2 has generally the same refractive index as 
that of the intermediate layer 4. Accordingly, re?ection of 
light is negligible at the interface betWeen the intermediate 
layer 4 and the polariZation-direction changing layer 2. 
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Although refraction and re?ection of light are caused at the 
interface betWeen the BreWster’s angle regulating ?lm 3 and 
the inboard-side glass plate 1B oWing to the difference in 
refractive index therebetWeen, the re?ectivity at this inter 
face is about 0.75% in this embodiment and therefore 
re?ection of light at this interface is negligible. As a result, 
double image cannot be formed and therefore a clear image 
of the driving information or the like can be observed by the 
driver. 

It Will be appreciated that, in this embodiment, a light 
transmittable re?ection layer or ?lm 9 may be formed at the 
outboard surface of the outboard-side glass plate 1A as 
indicated in phantom in FIG. 1 in order to further raise the 
re?ectivity of the outboard surface of the outboard-side glass 
plate 1A, in Which the light-transmittable re?ection ?lm is a 
thin ?lm formed of Al, Au, Ag or Cu. 

FIG. 2 illustrates a second embodiment of the display 
system S according to the present invention, Which is similar 
to the ?rst embodiment display system S With the exception 
that S-Wave is used as the display light such as the driving 
information or the like. In this embodiment, the BreWster’s 
angle regulating ?lm 3 is formed at the outboard surface of 
the outboard-side glass plate 1A and is not formed at the 
inboard surface of the inboard-side glass plate 1B. The 
BreWster’s angle regulating ?lm 3 is formed of MgF2 and 
has a re?ectivity of 1.38 and BreWster’s angle of 54°. 
Formation of the BreWster’s angle regulating ?lm 3 of this 
embodiment is accomplished by usual methods such as 
vacuum deposition. The laminated glass 5 of this embodi 
ment is produced in the similar manner to that in the ?rst 
embodiment and therefore has the similar arrangement to 
that in the ?rst embodiment. 

The above-discussed laminated glass 5 is used as the 
automotive vehicle Windshield glass W and forms part of the 
head-up display system S. The head-up display system S 
includes the displaying device 6 such as a CRT, a ?uo 
rescent display tube, a liquid crystal display or the like. The 
displaying device 6 generates a display light such as driving 
information or the like. 

The display light includes S-Wave and P-Wave and is 
incident to a light-polariZing device 7A for polariZing light 
into S-Wave, so that the display light from the displaying 
device 6 is polariZed to transmit the P-Wave. The displaying 
device 6 and the light-polariZing device 7A are arranged 
such that the display light is incident at BreWster’s angle 
(6=54°) of the BreWster’s angle regulating ?lm 3 on the 
laminated glass 5. It Will be understood that, in case of using 
the liquid crystal display as the displaying device 6, the 
light-polariZing plate of the liquid crystal display may be set 
to be directed to generate S-Wave, in Which the displaying 
device serves also as the light-polariZing device so that the 
light-polariZing device is unnecessary to be separately used. 

This S-Wave is incident on the inboard-side glass plate 1B 
and re?ected at the inboard surface (or the interface betWeen 
the glass plate and air) of the inboard-side glass plate 1B in 
accordance With the re?ectivity of the glass plate 1B. The 
re?ected S-Wave reaches the eyes 8 of the driver or the like 
so that the driver or the like can observe the display light 
such as the driving information or the like. 

Apart of the S-Wave Which has not been re?ected by the 
inboard surface of the laminated glass 5 enters the laminated 
glass 5 and rotated into P-Wave under the action of the 
polariZation-direction changing layer 2. This P-Wave 
reaches the BreWster’s angle regulating ?lm 3 through the 
outboard surface of the outboard-side glass plate 1A. At this 
time, the P-Wave outgoes through the outboard side of the 
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6 
outboard-side glass plate 1A at the BreWster’s angle (6‘=54°) 
of the regulating ?lm 3, so that no re?ection of light occurs 
at the interface betWeen the outboard surface of the 
outboard-side glass plate 1A and the BreWster’s angle regu 
lating ?lm 3. 

It Will be appreciated that, in this embodiment, the light 
transmittable re?ection layer or ?lm 9 may be formed at the 
inboard surface of the inboard-side glass plate 1B as indi 
cated in phantom in FIG. 2 in order to further raise the 
re?ectivity at the inboard surface of the inboard-side glass 
plate 1B. 

FIG. 3 illustrates a third embodiment of the display 
system S according to the present invention, Which is similar 
to the ?rst embodiment display system S. In this 
embodiment, a single glass plate (transparent plate) 1 is the 
front Windshield glass W and therefore its inboard surface 
de?nes therein side a passenger compartment in Which a 
driver and/or a vehicle passenger reside. The display system 
S of this embodiment is the head-up display system includ 
ing the front Windshield glass W. 

In this embodiment, the BreWster’s angle regulating ?lm 
(the thin ?lm of a metal) 3 is formed at the inboard surface 
of the single glass plate 1. Additionally, the light 
transmittable re?ection ?lm 9 is formed at the outboard 
surface of the single glass plate 1. No polariZation-direction 
changing layer is used in this embodiment. 
The above-discussed single glass plate 1 With the BreW 

ster’s angle regulating ?lm 3 and the light-transmittable 
re?ection layer 9 is used as the automotive vehicle Wind 
shield glass W and forms part of the head-up display system 
S. The head-up display system S includes the displaying 
device 6 and the light-polariZing device 7 for polariZing light 
into P-Wave. The displaying device 6 and the light 
polariZing device 7 are arranged such that the display light 
of the S-Wave is incident- on the laminated glass 1 at 
BreWster’s angle of the BreWster’s angle regulating ?lm 3. 
The displaying device 6 generates the display light such as 
driving information or the like. The display light includes 
S-Wave and P-Wave and is incident to the light-polariZing 
device 7 for polariZing light into P-Wave, so that the display 
light from the displaying device 6 is polariZed to transmit the 
P-Wave. 

This P-Wave ?rst reaches the BreWster’s angle regulating 
?lm 3 formed at the inboard surface of the single glass plate 
1, in Which no re?ection of the light occurs because the 
P-Wave is incident at BreWster’s angle of the regulating ?lm 
3 to the single glass plate 1. As a result, the Whole amount 
of light from the light-polariZing device 7 enters the single 
glass plate 1. The thus entering light reaches the outboard 
surface of the single glass plate 1. At this time, a part of the 
light outgoes through the outboard surface of the single plate 
1, While a part of the light is re?ected by the light 
transmittable re?ection ?lm 9 in accordance With the re?ec 
tivity of the light-transmittable re?ection ?lm 9 and outgoes 
toWard the eyes 8 of the driver or the like. Here, since the 
outgoing of the light is made at the BreWster’s angle of the 
BreWster’s angle regulating ?lm 3, no re?ection is made at 
the inboard surface of the single glass plate 1 so that the 
Whole amount of the display light or driving information can 
be clearly observed by eyes 8 of the driver or the like. 

While the display system S of the embodiments has been 
shoWn and described as including one or tWo (inorganic) 
glass plates, it Will be understood that the glass plates may 
be replaced With a single transparent plate or tWo transparent 
plates, in Which each transparent plate is made of a trans 
parent organic glass plate such as a transparent plastic plate. 
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Otherwise, the tWo transparent plates may be an inorganic 
glass plate and an organic glass plate, respectively. 

The display system S of the embodiments has been shoWn 
and described as the head-up display system including an 
automotive vehicle front Windshield glass, it Will be under 
stood that the display system S may include other WindoW 
glasses of the automotive vehicle so as to form a combiner, 
or includes a single glass plate (separate from the Windshield 
glass or WindoW glass) so as to form a separate combiner. 
Additionally, the display system S may includes architec 
tural glass or a partition Wall glass so as to display a variety 
of information. 

In case that the display system S includes a vehicular (for 
example, automotive vehicle) Windshield glass (laminated 
glass), it is preferable to bond the polarization-direction 
changing layer 2 onto the inboard surface of the outboard 
side glass plate 1A from the vieW point of improving 
so-called impact and penetration resistance of the Wind 
shield glass. The impact resistance is improved because a 
part (in contact With the polarization-direction changing 
layer 2) of the outboard-side glass cannot drop into the 
passenger compartment even When the Windshield glass is 
broken, though the part is loW in bonding strength as 
compared With the other parts in contact With the interme 
diate ?lm 4 made of polyvinyl butyral. Additionally, it is 
preferable to bond the polariZation-direction changing layer 
2 onto the outboard surface of the inboard-side glass plate 
1B from the vieW point of improving durability of the 
polarization-direction changing layer 2 because sun light 
reaches the polarization-direction changing layer through 
the intermediate ?lm (polyvinyl butyral) so that ultraviolet 
ray can be absorbed by the intermediate ?lm to some eXtent. 

The polariZation-direction changing layer 2 has been 
shoWn and described as being formed of the liquid crystal 
high polymer Which is in tWisted nematic orientation under 
liquid crystal condition and is in glassy state at a temperature 
loWer than a liquid crystal transition point thereof. This is 
preferable from the vieW point of preventing double image 
from being formed throughout a Whole visible region. 
HoWever, it Will be appreciated that the above-type of the 
polarization-direction changing layer may be replaced With 
other types of polarization-direction changing ?lms such as 
a transparent ?lm having a birefringence, and a so-called M2 
?lm or layer. 

While the BreWster’s angle regulating ?lm 3 has been 
shoWn and described as being formed of TiO2 having a 
refractive indeX of 2.0 or MgF2 having a refractive indeX of 
1.38, it Will be appreciated that the BreWster’s angle regu 
lating ?lm 3 may be formed of a variety of transparent 
materials having a refractive indeX different from that of the 
transparent plates such as glass plates, the transparent mate 
rials including CaF2 having a refractive indeX of 1.43, SiO2 
having a refractive indeX of 1.46, NaAlO3 having a refrac 
tive indeX of 1.35 to 1.39, CeO2 having a refractive indeX of 
2.1 to 2.2, and In2O3 having a refractive indeX of 2.0, ZnS 
having a refractive indeX of 2.2 to 2.35, ZrO2 having a 
refractive indeX of 2.1, and the like. 

The displaying device 6 and the light-polariZing device 7 
of the display system S are arranged such that the display 
light (or the driving information) is incident on the trans 
parent plate at BreWster’s angle of the BreWster’s angle 
regulating ?lm 3. A C.R.T., a ?uorescent display tube, a 
liquid crystal display or the like is used as the displaying 
device 6. In case of using the liquid crystal display as the 
displaying device 6, the light-polarizing plate of the liquid 
crystal display may be set to be directed to accomplish 
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so-called S-polariZation to generate S-Wave or so-called 
P-polariZation to generate P-Wave, in Which the displaying 
device serves also as the light-polarizing device so that the 
light-polariZing device is unnecessary to be separately used. 

In case that P-Wave is used as the display light (or the 
driving information), the P-Wave is incident onto the trans 
parent plate at an angle around BreWster’s angle of the 
BreWster’s angle regulating ?lm. As a result, no or negli 
gible re?ection is made at the surface of this BreWster’s 
angle regulating ?lm, so that the display light is re?ected at 
the backside surface of the transparent plate (or by the 
light-transmittable re?ection ?lm if used) thereby prevent 
ing formation of double image of the display light. In case 
that S-Wave is used as the display light (or the driving 
information), the S-Wave is incident onto the surface of the 
transparent plate at an angle around BreWster’s angle of the 
BreWster’s angle regulating ?lm and re?ected at the surface 
of the transparent plate (or by the light-transmittable re?ec 
tion ?lm if this ?lm is used) to the side of the displaying 
device, in Which the light entering the transparent plate 
outgoes through the BreWster’s angle regulating ?lm formed 
at the backside surface of the transparent plate, at BreWster’s 
angle of the BreWster’s angle regulating ?lm. As a result, no 
or negligible re?ection is made at the surface of the BreW 
ster’s angle regulating ?lm, thereby preventing formation of 
double image of the display light. 
As appreciated from the above, according to the present 

invention, the transparent plate of the display system is 
provided With the BreWster’s angle regulating ?lm Which is 
different in refractive indeX from the transparent plate, in 
Which the BreWster’s angle of the BreWster’s angle regulat 
ing ?lm is represented by 6 obtained according to n=tan 6 on 
the assumption that the refractive indeX of the regulating 
?lm is n. The BreWster’s angle 6 is 63° in case that the 
BreWster’s angle regulating ?lm is formed of TiO2, Whereas 
the angle 6 is 54° in case that the BreWster’s angle regulating 
?lm is formed of MgF2. In this regard, in conventional 
similar display systems, it is necessary that display light is 
incident on a transparent plate (glass plate) at the BreWster’s 
angle (56.6°) of the transparent plate (glass plate). 
What is claimed is: 
1. A display system comprising: 
a displaying device for generating a display light of 

information; 
a light-polarizing device for polariZing the display light; 
at least one transparent plate having a refractive indeX and 

a corresponding BreWster’s angle When interfaced with 
air; 

a BreWster’s angle regulating ?lm secured to a surface of 
said transparent plate, said BreWster’s angle regulating 
?lm having a refractive indeX different from that of said 
transparent plate and having a BreWster’s angle in air, 
said BreWster’s angle regulating ?lm being itself trans 
parent Whereby substantially all display light incident 
thereon passes through said BreWster’s angle regulat 
ing ?lm, preventing said display light from being 
re?ected by said BreWster’s angle regulating ?lm; 

Wherein the polariZed display light is incident on said 
BreWster’s angle regulating ?lm at an angle around 
BreWster’s angle of said BreWster’s angle regulating 
?lm, travels through said BreWster’s angle regulating 
?lm to said transparent plate and is re?ected toWard a 
side of said displaying device; 

Wherein said displaying device is locatable to provide 
display light to said transparent plate at an angle 
exceeding BreWster’s angle of said transparent plate 
corresponding to an interface With air. 



5,999,314 

2. A display system as claimed in claim 1, wherein said 
BreWster’s angle regulating ?lm is formed of a material 
selected from the group consisting of TiO2, MgF2, CaF2, 
SiO2, NaAlO3, CeO2, In2O3, and ZnS. 

3. A display system as claimed in claim 1, further com 
prising a polariZation-direction changing layer adapted to 
change a direction of polariZation of said display light, said 
polariZation-direction changing layer being formed of a 
liquid crystal high polymer Which is in tWisted nematic 
orientation under a liquid crystal condition and is in a glassy 
state at a temperature loWer than liquid crystal transition 
point thereof. 

4. A display system according to claim 3 Wherein said 
BreWster’s angle regulating ?lm is formed of a material 
selected from the group consisting of TiO2, MgF2, CaF2, 
SiO2, NaAlO3, CeO2, In2O3, and ZnS. 

5. A display system comprising: 
a displaying device for generating a display light of 

information; 
a light-polariZing device for polariZing the display light 

into P-Wave; 
at least one transparent plate having a refractive indeX and 

a corresponding BreWster’s angle When interfaced with 
air; 

a polariZation-direction changing layer secured to a ?rst 
surface of said transparent plate; 

a BreWster’s angle regulating ?lm secured to a second 
surface of said transparent plate, said BreWster’s angle 
regulating ?lm having a refractive indeX different from 
that of said transparent plate and having a BreWster’s 
angle in air, said BreWster’s angle regulating ?lm being 
itself transparent, Whereby substantially all display 
light incident thereon passes through said BreWster’s 
angle regulating ?lm, preventing said light from being 
re?ected by said BreWster’s angle regulating ?lm; 

Wherein the display light having P-Wave is incident on 
said BreWster’s angle regulating ?lm at an angle around 
BreWster’s angle of said BreWster’s angle regulating 
?lm and travels through said BreWster’s angle regulat 
ing ?lm to said transparent plate to pass through said 
polariZation-direction changing layer and to be 
re?ected toWard a side of said displaying device; 

Wherein said displaying device is locatable to provide 
display light to said transparent plate at an angle 
exceeding BreWster’s angle of said transparent plate 
corresponding to an interface With air. 

6. A display system as claimed in claim 5, further com 
prising a light-transmittable re?ection ?lm secured to the 
?rst surface of said transparent plate, the display light having 
S-Wave being re?ected by said light-transmittable re?ection 
?lm to be directed toWard the side of said displaying device. 

7. Adisplay system as claimed in claim 5, Wherein said at 
least one transparent plate includes ?rst and second trans 
parent plates, said ?rst transparent plate being located out 
side relative to said second transparent plate de?ning a space 
in Which a person resides, 

Wherein said display system further comprises an inter 
mediate ?lm disposed betWeen said ?rst and second 
transparent plates to bond said ?rst and second trans 
parent plates, and 

Wherein said polariZation-direction changing layer is 
bonded to said ?rst transparent plate and separate from 
said second transparent plate so that a layer of said 
intermediate ?lm lies betWeen said ?rst polariZation 
direction changing layer and said second transparent 
plate. 
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10 
8. A display system according to claim 5, Wherein said 

BreWster’s angle regulating ?lm is formed of a material 
selected from the group consisting of TiO2, MgF2, CaF2, 
SiO2, NaAlO3, CeO2, In2O3, and ZnS. 

9. A display system comprising: 
a displaying device for generating a display light of 

information; 
a light-polariZing device for polariZing the display light 

into S-Wave; 
at least one transparent plate having a refractive indeX and 

a corresponding BreWster’s angle When interfaced with 
air; 

a polariZation-direction changing layer secured to a ?rst 
surface of said transparent plate; 

a BreWster’s angle regulating ?lm secured to a second 
surface of said transparent plate, said BreWster’s angle 
regulating ?lm having a refractive indeX different from 
that of said transparent plate and having a BreWster’s 
angle in air, said BreWster’s angle regulating ?lm being 
itself transparent, Whereby substantially all display 
light incident thereon passes through said BreWster’s 
angle regulating ?lm, preventing said light from being 
re?ected by said BreWster’s angle regulating ?lm; 

Wherein the display light having S-Wave is incident on 
said BreWster’s angle separating ?lm at an angle 
around BreWster’s angle of said BreWster’s angle regu 
lating ?lm and travels through said BreWster’s angle 
regulating ?lm to said transparent plate to pass through 
said polariZation-direction changing layer and to be 
re?ected toWard a side of said displaying device; 

Wherein said displaying device is locatable to provide 
display light to said transparent plate at an angle 
exceeding BreWster’s angle of said transparent plate 
corresponding to an interface With air. 

10. A display system as claimed in claim 9, further 
comprising a light-transmittable re?ection ?lm secured to 
the ?rst surface of said transparent plate, the display light 
having P-Wave being re?ected by said light-transmittable 
re?ection ?lm to be directed toWard the side of said dis 
playing device. 

11. A display system as claimed in claim 9, Wherein said 
at least one transparent plate includes ?rst and second 
transparent plates, said ?rst transparent plate being located 
outside relative to said second transparent plate de?ning a 
space in Which a person resides, 

Wherein said display system further comprises an inter 
mediate ?lm disposed betWeen said ?rst and second 
transparent plates to bond said ?rst and second trans 
parent plates, and 

Wherein said polariZation-direction changing layer is 
bonded to said ?rst transparent plate and separate from 
said second transparent plate so that a layer of said 
intermediate ?lm lies betWeen said ?rst polariZation 
direction changing layer and said second transparent 
plate. 

12. A display system according to claim 9, Wherein said 
BreWster’s angle regulating ?lm is formed of a material 
selected from the group consisting of TiO2, MgF2, CaF2, 
SiO2, NaAlO3, CeO2, In2O3, and ZnS. 

13. A display system comprising: 
a displaying device for generating a display light of 

information; 
a light-polariZation device for polariZing the display light 

into P-Wave; 
at least one transparent plate having a refractive indeX and 

a corresponding BreWster’s angle When interfaced with 
air; 
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a BreWster’s angle regulating ?lm formed at a ?rst surface 
of said transparent plate, said BreWster’s angle regu 
lating ?lm having a refractive index different from that 
of said transparent plate and having a BreWster’s angle 
in air, said BreWster’s angle regulating ?lm being itself 5 
transparent, Whereby substantially all display light inci 
dent thereon passes through said BreWster’s angle 
regulating ?lm, preventing said light from being 
re?ected by said BreWster’s angle regulating ?lm; 

a polariZation-direction changing layer secured to a ?rst 10 
surface of said transparent plate; 

Wherein the display light having P-Wave is incident on 
said BreWster’s angle regulating ?lm at an angle around 
BreWster’s angle of said BreWster’s angle regulating 
?lm and travels through said BreWster’s angle regulat 
ing ?lm to said transparent plate to pass through said 
polariZation-direction changing layer, and to be 
re?ected toWard a side of said displaying device; 

15 

Wherein said displaying device is locatable to provide 
display light to said transparent plate at an angle 

12 
eXceeding BreWster’s angle of said transparent plate 
corresponding to an interface With air. 

14. Adisplay system as claimed in claim 13, Wherein said 
at least one transparent plate is a single transparent plate 
having the ?rst surface de?ning a space Where a person 
resides. 

15. A display system as claimed in claim 14, further 
comprising a light-transmittable re?ection ?lm secured to a 
second surface of said transparent plate Which second sur 
face is opposite to the ?rst surface, the display light having 
P-Wave being re?ected by said light-transmittable re?ection 
?lm to be directed toWard the side of said displaying device. 

16. A display system according to claim 13, Wherein said 
BreWster’s angle regulating ?lm is formed of a material 
selected from the group consisting of TiO2, MgF2, CaF2, 
SiO2, NaAlO3, CeO2, In2O3, and ZnS. 

* * * * * 


